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Abstract— This paper discusses different off-the-shelf 
technologies for energy measurement and communication that 
are useful for a global energy management system (EMS). These 
technologies are aimed to be used in an energy management 
system that is implemented in LabVIEW
TM
 to control the 
electricity demand in a more efficient way. In addition a SWOT-
analysis of the different considered systems summarizes the 
practical experiences and gives some opportunities for further 
development of EMS. 
I.  INTRODUCTION 
The way energy is used, must change. The world is wasting 
too much energy,, which gives an enormous pressure on the 
ecosystem of our earth. Reducing our ecological footprint [1] 
can be achieved by changing our habits. But it can also be 
done more easily by integrating systems like ’Smart Grids’ 
into our environment. 
   One way to minimize the ecological footprint is to 
maximize the use of renewable energy. Therefore, intelligent 
energy management systems (EMS) can be used [2]. These 
systems will match the consumption of energy and the amount 
of renewable energy available so that consumers are not 
affected. On the other hand there is also the Smart Grid [3], 
[4], [5] that is put in place worldwide. A Smart Grid is a new 
approach for electricity grids: the grid transfers besides energy 
also communication data. Data communication is necessary to 
introduce more decentralized power generation and for 
controlling it, to make it possible to match the electricity 
demand with the fluctuating renewable electricity supply, to 
give real time price signals for initiating appropriate control 
actions, etc. EMS can be very helpful for that. Calculating and 
reducing the ecological footprint and the introduction of a 
Smart Grid implies that energy consumption must be 
measurable and controllable.  
In Belgium, for production units producing more than 10 
kW, the injection and the use of the power from the grid has to 
be measured separately. Compared to a classic Ferraris meter, 
this results in worse payback periods because the surplus of 
electricity can only be sold at 30% to 40% of the consumed 
energy price. It is therefore important for this type of 
equipment to minimize power injection into the grid. EMS 
offers the necessary solutions for this challenge. The EMS is 
capable to handle a wide range of actors in an independent 
way. 
In [6] different communication technologies for home area 
network (HAN) are considered. Research is done on 
experimental modules [7], [8]. The goal of this paper is to 
evaluate off-the-shelf technologies using these different 
communication technologies. The usefulness of these 
technologies for EMS purposes has been evaluated by 
implementing them in an EMS in LabVIEWTM to control the 
electricity demand in a more efficient way. 
II. HOME APPLIANCES 
Two EMS for home users will be analyzed in view of 
communication. The simplicity in how to set up the 
connection is the most important to make these EMS suitable 
for home users. It has to be possible to configure the EMS by a 
user without technical knowledge. 
A. Module using Zigbee communication 
The Plugwise [9], [10] module, is fully plug and play. It 
uses Zigbee [11] as communication protocol. the considered 
test system consists in a main controller (MC), a network 
controller (NC) and eight nodes.  
The main controller is the connection between the Zigbee 
network and the Energy management server. It utilizes an 
Ember EM250 chipset. This is a single-chip solution that 
integrates a 2.4GHz, IEEE 802.15.4-compliant transceiver 
with a 16-bit XAP2b microprocessor [12]. On this chip the 
Zigbee PRO stack is implemented. Although the Plugwise 
stick looks like a USB interface, it actually utilizes a serial 
protocol. A virtual serial port is provided by an onboard 
FT232R chip. The main controller communicates directly with 
the Network Controller and the network controller 
communicates with the other nodes in a mesh network 
topology. This means that the Circle+ first has to be powered 
up and after that, the circles can be plugged in connecting 
automatically with the Circle+. 
   Once all the circles are installed, the Plugwise ”source” 
software is used to test the connectivity and to get some 
measurements from the plug. This is the standard Plugwise 
software which was included in the package. To read the data 
more frequently (every 5 seconds instead of every hour), the 
communication with the circles was implemented in 
LabviewTM. Therefore a serial port sniffer was used to get 
information about how the main controller communicates with 
the network controller. To get the right power information, 
Plugwise uses a calibration and a power information string. A 
calibration string is used in order to get the right 
measurements. To check the LabviewTM application, the data 
retrieved from the circles with the EMS application has been 
compared with the data from the standard Plugwise software. 
The module uses a CRC16 checksum which is calculated 
over the full data string. The Plugwise Circle also holds an 
internal buffer with information about power usage in the past. 
Because only the actual value matters in the considered test 
case (Fig. 1), the buffer will not be discussed in this paper. 
 
Fig. 1 Plugwise implementation 
 
B. ModuleX using Powerline communication 
   “ModuleX” is a prototype of an EMS that uses Powerline 
communication to connect with the server. The hardware 
contains some bugs which is normal in this stage of 
development. 
The Protocol which is used for the prototype is HomePlug 
Turbo. As can be seen in Fig. 2, a gateway is used that makes 
a connection between the Ethernet and Powerline network. 
Every  appliance  that  has to be managed, has to be connected  
to a measurement module. This module contains the hardware 
for measuring the current energy consumption in milliampere 
and has the ability to switch the devices on and off. 
 
Fig. 2 ModuleX implementation 
The measuring module has two parts: a communication unit 
and a logical unit which communicate with each other by 
using a TCP connection. This means that the logical unit could 
be directly connected to the Ethernet if necessary. 
Each module has its own IP address that we can use to start 
a telnet connection on port 23. The command protocol that is 
used consists of an ASCII character. These characters are not 
case sensitive.  
III. INDUSTRIAL APPLIANCES 
The communication protocols used by two energy meters 
are analyzed. First a power meter that uses Ethernet (Siemens 
Sentron PAC3200) is considered to connect with our energy 
management server. Afterwards an energy meter with RS-485 
(Socomec Diris A10) is analyzed once with a software PLC 
(Beckhoff) and once with a hardware PLC (Siemens). 
A. Power meter with Ethernet  
The Siemens Sentron PAC3200 [15] is a powerful compact 
power meter. The device can replace multiple analog meters 
and  monitor over 50 parameters. It has an integrated 10 Base-
T Ethernet module, which will be used to get the readings 
from the meter. The meter connects directly with the Energy 
Management Server. As shown in Fig. 3, it uses Modbus TCP 
for the communication between the meter and the server. 
 
Fig. 3 Siemens Sentron PAC3200 implementation 
 
Not all values which the PAC3200 measures are needed, a 
list is made with the interesting commands. This list will be 
used in LabVIEWTM to acquire the needed meter readings. 
The TCP port 502 is used to communicate with the meter. In 
LabVIEWTM a TCP connection is created and a for-loop is 
used with the listed commands to extract the readings. 
Once a proper connection is made and the readings come 
through, the synchronization will start. All the received values 
will be written to an excel-spreadsheet, including a timestamp. 
In LabVIEWTM, the synchronization interval of five seconds, 
is controlled using a timed loop. Later on, this loop will be 
used to synchronize this meter with the meters described 
below. 
To have a decent feedback, an error notification is added. 
When the meter is not communicating, this will be logged to a 
text-file, using the meter’s name and a time stamp, and add a 
notification to the meter’s name in the spreadsheet. 
B. Power meter with RS-485 
The Diris A10 is a multifunctional meter for measuring 
electrical values in low voltage networks in modular format 
[16], [17]. The Diris A10 has a build-in RS-485 interface [18], 
which will be used to connect to a Programmable Logic 
Controller (PLC). In total, three meters will be connected to 
the PLC, all using the same serial line. The PLC will 
constantly poll the meters and store the information 
temporarily. This  information will be available for 
LabVIEWTM to extract from the PLC and will be logged for 
later use. 
   Using  the  Control  Vision  software  and  a  serial  port  
sniffer, it was possible to see what commands are used by the 
software to receive the readings from the meter. In contrast 
with the PAC3200, only one command is used to extract all 
readings, meaning the different values will be split in 
LabVIEWTM . 
A comparison is made of two types of PLC’s: a software 
PLC (Beckhoff TwinCAT PLC) and a hardware PLC 
(Siemens Simatic ET200S) [19]-[22]. 
 
1) Using the software PLC:  
The TwinCAT Manager connects over Ethernet to a 
“BK9050 Ethernet TCP/IP Bus Coupler”, which in turn is 
connected to a “KL6041 Serial Interface RS422/RS485 Bus 
Terminal”. Because none of the modules have a CPU on 
board, the TwinCAT PLC software controls how they operate. 
 
Fig. 4 Beckhoff PLC implementation 
 
Because three meters are polling over the same serial line, 
the PLC will poll the meters one by one, causing a delay of ten 
milliseconds between the readings of the meters. The first 
thing to do is sending an initialization command to the meters. 
This will happen only once, in the startup phase of the 
program. Once initialized, the main part of the program starts 
and polls the meters for the data they hold. The meters will 
each return one string with all their data. This string is made 
accessible for LabVIEWTM which will handle the processing 
of the received data. The information extracted from the 
meters is placed in Merker Bytes in the PLC [23]. In this way, 
LabVIEWTM can access the information through TwinCAT 
ADS/OCX. 
 
2) Using the hardware PLC:  
The Ethernet connection of the PLC will be used to send 
data to the server. In this setting, two meters are used. Both 
meters are connected to the same serial line, which in turn 
connects to the PLC. The PLC is programmed using the 
Siemens Step 7 software [24]. The PLC will poll the meters 
one by one. This time the build-in blocks for Modbus 
communication are used. The line speed is set to 9.6kbps, 
causing a typical delay of six 
milliseconds between readings. The data received from the 
meters is stored in two buffers (one for each meter) in the PLC 
memory. To allow LabVIEWTM to receive the meter outputs, 
TCP communication to the PLC is added. Two commands 
(one for each buffer) are defined to which the PLC will 
respond. The server can send those commands when needed 
and receive the meter readings through the Ethernet network. 
 
Fig. 5 Siemens PLC implementation 
IV. RESULTS 
A. Plugwise (Zigbee) 
Plugwise is less suitable to use as an EMS. However, it may 
serve as an advanced time switch to turn certain appliances on 
or off at a given time.  
   However, Plugwise is suitable for energy mapping using 
the internal memory. The accuracy of the module is good, the 
measurements are within the specified error margin of 5% and 
the consumption of the plug is not above 1 watt. Moreover, the 
modules are compact and easy to install. 
The communication method is a weak point of the Plugwise 
system, while this is one of the most important specifications 
of a good EMS. The receiving range is quite low. This lowers 
the possible configurations in buildings because all the plugs 
need to be in the receiving range of the ZigBee network. The 
use of an USB stick as connection to the server is a 
disadvantage especially because the position of the stick in the 
network is a key factor for the speed of communication.  
The fact that all the plugs should be read sequentially is also 
a problem. In order to process all measurements in a correct 
manner, they have to be taken at the same time. With Plugwise 
it occurs that a plug, which is a number of hops away from the 
stick, takes a long time to send its data to the server. In the 
meanwhile, the connection is busy and the server could not 
receive any measurements from the other plugs nor turn an 
appliance on or off while waiting for the data from a plug.  
Plugwise does have a wide product range that is still being 
expanded, this is an opportunity to evolve into a system for 
controlling devices from a central location without the need of 
extra wiring [13]. However without changing the 
communication method, it is not suitable for the use as an 
EMS. Maybe if Zigbee integrates Powerline communication to 
its protocol, it could be an opportunity to develop a plug that 
does not only support wireless communication but also makes 
use of Powerline communication methods. The SWOT-
analysis of Plugwise can be found in Table 1. 
 
Table 1 SWOT-analysis of  Plugwise 
Strengths Weaknesses 
- Compact 
- Accurate  
- Large product range  
- Energy consumption  
- Easy installation 
 
- Range  
- Speed 
- Price 
- Possible configurations 
- Synchronization: 
sequential readout 
- Stick as only connection 
Opportunities Threats 
- Advanced time switch 
- Zigbee + Homeplug 
- Expanding the product 
range 
- Not suitable for EMS 
- Protocol is shielded 
B. Module X (Powerline) 
   “ModuleX” is perfectly usable as EMS. The examined 
module is only a prototype with some hardware errors. 
Therefore this module is here called “ModuleX”. It provides a 
fast communication by using the existing power grid. The 
module measures the consumption accurately. It has the 
opportunity to quickly switch appliances. The module shows 
the current power consumption in milliampere instead of watts 
which is normally used in an EMS. 
The advantage of this module is that each node has its own 
IP address. Therefore, each module can be appealed separately 
and does not need to wait for other modules. Therefore 
synchronization is not a problem with this module. 
A consideration must be made about the available IP 
addresses. In future, IPv6 could be implemented so a very 
large range of addresses can be used. Also the plug currently 
uses a fixed IP address for the nodes. In a later stage, it could 
use a DHCP server. 
The module itself consists of a measuring PCB and a 
communications module. This measuring PCB can also be 
connected onto a standard Ethernet network. It will also be 
interesting if a sensor could be connected to the module. 
   There are still some drawbacks to the prototype. These 
include the size of the devices (13cm x 7cm x 4.5 cm) that can 
be disruptive if there are multiple outlets close to each other. 
Besides that, the prototype consumes 5 watt per node. For 
example, if there are ten appliances, all the units together 
consume fifty watts. This is a lot for an EMS. The 
consumption can be reduced by switching to HomePlug 
GreenPhy instead of HomePlug Turbo [14]. The SWOT-
analysis of “ModuleX” can be found in Table 2. 
 
Table 2 SWOT- analysis of  “M ODULE X” 
Strengths Weaknesses 
- Synchronization: fast 
communication 
- Use of existing electrical 
wiring 
- Accurate 
- Individual IP address 
- Minimal configuration 
required 
- Easy installation 
- Suitable as EMS 
- Fast switching 
- Simple protocol 
- Dimensions 
- Energy consumption 
- Bugs 
Opportunities Threats 
- Homeplug GreenPhy 
- Both Powerline and 
Ethernet 
- Protocol to the public 
- Price 
- Reading sensors 
- Integration into existing 
hardware 
- Consumption in power (W) 
- IPv6 Integration 
- DHCP Integration 
- Sticking to Homeplug 
Turbo 
- Unresolved bugs 
- Shielding protocol 
- Price 
- Interference from 
other devices 
- Single IP address 
 
C. Siemens Sentron PAC3200 (Ethernet) 
With the Siemens PAC3200 Sentron a completely different 
setup is used. This meter is directly connected to the Data 
Network and has its own IP address. When there are several 
meters of this type, the size of the address book of the meters 
rises and in the worst case, the addressing of the existing 
network is inadequate. The configuration of the meter is 
simple and the meter itself remembers its settings. In case of a 
server failure, only the measurement software is needed on 
another machine to continue the reading of the values. 
Processing the data requires less programming effort. The 
received data should not be split, since only the necessary 
values will be retrieved. 
Siemens Sentron PAC3200 can be used in an EMS. It has a 
digital input and digital output. Therefore an external sensor 
can be used or a device can be controlled. For the Siemens 
Sentron PAC3200, synchronization is not a problem. Every 
meter has its own direct connection to the server and every 
meter can be requested at the same time because every meter 
is directly connected to the Ethernet. The SWOT-analysis of 
the Siemens Sentron PAC3200 can be found in  Table 3. 
 
Table 3 SWOT- analysis of Siemens Sentron PAC3200 
Strengths Weaknesses 
- Energy and power 
readout 
- Extensive measurements 
- Separate readout of 
measured values 
- Central programming 
- Simple readout  
- Simple configuration 
- Seperate IP address 
Opportunities Threats 
- One digital input 
- One digital output 
- Failover 
- Integration into the Power 
Grid 
- Installation by professional 
- IP address shortage 
 
D. Socomec Diris A10 on Beckhoff PLC 
This meter can also be used in an EMS. A comprehensive 
measurement of the power grid and the load is retrieved. 
Because a software PLC is used, the programming of the 
system is completely centralized on the EMS server. This 
implies that a fail-over is difficult to build because the backup 
server must also have the PLC software and re-initialization of 
the meters is necessary in case of a fail from the server. 
The PLC functions as a central repository for the 
measurements. The benefit of this is that only one IP address 
is needed. When extra meters have to be implemented there is 
no need for extra IP addresses. The meters could be add at the 
same serial line or a new serial interface module could be 
added on the Beckhoff PLC. When the same serial line is 
used, one must carefully consider if the delays do  not increase 
too much. 
A Beckhoff PLC system has also the opportunity to add 
modules to read some sensors and switching devices. Thanks 
to the central software programming, these modules could be 
easily integrated on the same EMS server to execute the 
necessary algorithms. The programming of the software will 
give some extra work. The output of the meter exists of all the 
measurements in one time. This implies that an algorithm has 
to be used to separate all the necessary values. Therefore a 
large buffer is needed.  
For multiple power meters communicating by a PLC, 
synchronization can be a problem. Because they use a shared 
serial connection, all the meters must be queried sequentially. 
This means that one meter must wait for the other to send its 
data. The readout of the meters by the PLC has to be done as 
soon as possible in order to get a new measurement of the 
meters when the software requests one. The reading of the 
buffers from the PLC happens trough a 100 Mbps network, 
which causes practically no delay. 
To give an indication of the delay between the 
measurements, the delay is timed. Sending and receiving a 
single command, together with the reply, takes an average 
time of 320 milliseconds. The duration of the whole cycle for 
reading 3 meters takes about 1250 milliseconds.  
The delay in the readout of the measured values can be 
reduced by connecting fewer meters to one shared line. The 
SWOT-analysis of the Socomec Diris A10 with a Beckhoff 
PLC can be found in Table 4. 
 
Table 4 SWOT-analysis of Socomec Diris A10 with a 
Beckhoff PLC 
Strengths Weaknesses 
- Energy and power 
readout 
- extensive measurements 
- Simple modules 
- Central programming 
- Simple readout 
- One IP address 
- Delays 
- All values in one time 
- Large buffer needed 
Opportunities Threats 
- Expansion with other 
modules 
- Easy to install additional 
meters 
- Additional functions 
- Integration into the Power 
Grid 
- Installation by professional 
- Synchronization: to many 
meters on one serial line 
- Fail-over 
E. Socomec Diris A10 on Siemens PLC 
Because the same meter with a similar system is used, many 
aspects of the previous section shall return. The biggest 
difference lies in the use of  a hardware PLC with its own 
memory and processor [24]-[22], making that the PLC 
program is executed independently from the server. This 
results in a more consistent failover if the server fails. only the 
software for retrieving the data from the PLC to has to be 
activated on another machine. The survey of the meters will 
just go on and experience no problems from the server failure. 
The SWOT-analysis of the Socomec Diris A10 with a 
Siemens PLC can be found in Table 5. 
 
Table 5 SWOT-analysis of Socomec Diris A10 with a 
Siemens PLC 
Strengths Weaknesses 
- Energy and power 
readout 
- extensive measurements 
- Simple modules 
- Central programming 
- Simple readout 
- Delays 
- All values in one time 
- Large buffer needed 
- No central programming 
- One IP address 
Opportunities Threats 
- Expansion with other 
modules 
- Easy to install additional 
meters 
- Additional functions 
- Fail-over 
- Integration into the Power 
Grid 
- Installation by professional 
- Synchronization: to many 
meters on one serial line 
F. Output 
As a result of the measurements from the EMS, an energy 
consumption profile is made in Fig. 6.   
 
 
Fig. 6 Energy consumption profile 
V. FURTHER WORK 
The discussed energy management systems will be used to 
implemented energy management strategies for demand side 
management (DSM). For demonstration purposes the 
considered systems fulfill the necessary specifications, but for 
large rollout of DSM further development to smaller, less 
consuming units is necessary. 
VI. CONCLUSION 
There is still a lot of work to do but a great step forward is 
made in the research for environmentally friendly ways to use 
energy. With the help of this paper, the considerations are 
known for implementing an EMS. A few systems with 
different kinds of communication methods are discussed with 
their strengths, weaknesses, opportunities en threats. These 
systems are a model of the current market situation on EMS. 
For existing buildings “ModuleX” has a great potential for  
becoming a useful EMS. For new homes, it could be 
interesting to consider a more centralized approach. It is 
possible to use an energy meter like the Socomec DIRIS A10 
combined with PLC applications such as Beckhoff and 
Siemens. 
For specific applications where the centralized approach is 
not possible and no use can be made of a Plug and Play 
system, all in one modules such as the Siemens Sentron 
PAC3200 could be considered. 
To have a decent synchronization in LabVIEWTM , timed 
loops are used. All timed loops are connected to each other, 
what makes them to run synchronously. The period of the 
timed loops is set by a control and is chosen by the user. 
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